The ontogeny of adrenocortical responsiveness in lambs was studied from 24 hr of age to maturity. Throughout the neonatal period, the adrenal axis was responsive to exogenous ACTH and the stresses of both restraint and exposure to open field testing. Newborn lambs both had higher resting levels of plasma corticosteroids and responded to the test stimuli with greater increases in corticosteroids than did other age groups. From the second week of life, the responsiveness of the adrenal axis was comparable to that of mature ewes. On exposure to an open field arena, lambs vocalized less and initiated movement sooner with increasing age and experience through 35 days of age, after which there was little change. Once locomotion was initiated, there was little difference in the amount of time spent moving in the arena. Open field testing was as potent a stimulator of the adrenal axis as restraint stress or exogenous ACTH.
Introduction
During their development, domestic animals are exposed to a variety of environmental and management stresses which have the potential of affecting their immediate survival and possibly their subsequent ability to cope with stress. It has been demonstrated with laboratory animals that, during development, emotional stress associated with various handling procedures will elicit immediate behavior and endocrine responses, which in turn will affect subsequent stress responsiveness (Ader, 1975) . No studies have been conducted with domestic animals, and no model has been developed with ~The authors wish to express their gratitude to Valeria Wood for technical assistance. domestic animals to assess the impact of emotional stress during development.
The lamb is a potential model for the study of endocrine and behavioral responses of neonatal domestic animals to management stress. Although lambs have been used as subjects in a limited number of behavioral studies (Cairns, 1966; Liddell, 1961; Zito et aL, 1977) , there is little information on the ontogeny of their emotional stress responses. Therefore, we conducted two studies on the adrenocortical and behavioral responses of lambs to two types of stress: restraint and exposure to a novel environment (open field testing). A portion of these data has been presented in abstract from (Moberg et aL, 1976) .
Methods and Materials

Exp. 1. Development of the Adrenal Cortical
Response to Restraint Stress and Exogenous ACTH. Mixed-breed lambs from the University of California flock were randomly selected for each of the age groups studied (1, 4, 7, 14, 21, 28 days and adults) . All Iambs were maintained with their dams in groups of five to 10 ewes under natural conditions in sheltered pens. The adult ewes were nonpregnant, nonlactating animals from the same flock.
The animals were assigned to each of three experimental treatments: restraint stress, exogenous ACTH and nonstressed or resting. For determination of the concentrations of plasma corticosteroids in nonstressed animals, blood was obtained from previously undisturbed animals less than 2 rain after they entered the pen. To evaluate the adrenocortical response to restraint stress, each animal was restrained on its side for 10 min before withdrawal of a blood sample. To determine responsiveness of the adrenal cortex to exogenous adrenocorticotrophic hormone (ACTH), we obtained blood 10 min after the intramuscular administration of I IU of ACTH in 1 ml of normal saline. All 138 JOURNAL OF ANIMAL SCIENCE, VoI. 51, No. 1, 1980 treatments were carried out between 1300 and 1600 hours.
Blood, drawn from the lambs by venipuncture and from the ewes by jugular vein cannula, was collected into heparinized syringes and transferred immediately to iced centrifuge tubes. Any samples not obtained in less than 2 min from the beginning of the sampling procedure were discarded. After centrifugation of the blood, aliquots of plasma were stored at -20 C until assayed for corticosteroid content by the competitive protein binding assay procedure of Murphy and Pattee (1964) . Differences in plasma corticosteroid values between treatments and ages were statistically analyzed by analysis of variance, and any significant differences were further analyzed by the Student Newman-Keuls test (Sokal and Rohlf, 1969) .
Exp. 2. Ontogeny of Adrenal and Behavioral Responses to Exposure to a Novel Environrnent.
Twelve ewe lambs from the same flock used in the previous study were used in this experiment. Except for 15 min during testing, each lamb was kept with its mother under the conditions described in Exp. 1.
Testing was carried out in a 3.3 x 4 m open field arena formed by black polyethylene plastic sheets fixed at the floor and ceiling of an indoor pen. The wooden floor was divided into 30 uniform sections which were used to provide a measure of activity. The arena was evenly illuminated from above by incandescent bulbs positioned in each corner.
During testing, the arena was saturated with white noise played from a speaker above the center at an intensity which, to the human observer, masked noises from other animals. Observers viewed the animal through ports in the walls and recorded latency and duration of movement with stop watches; they used handheld mechanical counters to record the number of lines crossed.
Each lamb was carried by hand from the home pen and, while still being held, was placed in one corner of the arena. After a waiting period of up to 15 sec, the lamb was released and its behavior recorded for the next 10 minutes. The behaviors measured included (1) latency to first movement and (2) two indices of activity: number of lines crossed and duration of locomotion. Vocalization (Bleats) and defecation frequencies were also noted, although subsequent analysis proved defecation frequencies to be an unreliable measure. At the end of each session, lambs were recaptured, carried to their home pen and placed with their dam. Differences in behavioral responses were analyzed by analysis of variance. Transformed scores were u__~sed in the analysis of vocalizations (x' = X/x + X/~ + 1) and latency to first movement x' = log10 [sec + 1] ).
Each lamb was tested eight times: on days 1 (day of birth), 5, 9, 14, 21, 35, 49 and 63. Tests were conducted between 1000 and 1600 hours. After the tests on days 1, 4, 14 and 28, blood was taken from one-half of the animals; this procedure was followed so that no lamb was bled more than twice during the experiment. Plasma aliquots from these samples were assayed for corticosteroids according to the procedure described in Exp. 1.
Results and Discussion
Exp. i. Analysis of the data summarized in table 1 indicates that during development, concentrations of circulating corticosteroids changed significantly in response to either restraint stress or the administration of exogenous ACTH. Unlike in the rat and human (Shapiro, 1968) , there was no absence or diminution of adrenal responses during the neonatal period. From the day of birth, the newborn lamb is fully sensitive to the effects of stress.
As might be anticipated, resting concentrations of corticosteroids increased (P<.01) during the period immediately following parturition. These increased concentrations of circulating corticosteroids did not, however, feed back to render the adrenal axis insensitive to stimuli. Both restraint and exogenous ACTH resulted in a significant increase in corticosteroid release (P<.01). The magnitude of this increase was comparable to or even greater than the response of the other age groups to the same stimuli.
Data for the 4-day-old and 1-week-old animals indicate that, with respect to the adrenal axis, the first week of life represents a transitory phase from the highly responsive axis on the day of birth to the level of adrenal responsiveness which characterizes the mature animal. This maturation was observed for both resting levels of plasma corticosteroids (P<.01) and exogenous ACTH treatment (P<.01).
Except for the 2-week-old animals, there was no significant difference between groups in the adrenal response to restraint stress and exog- 
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enous ACTH, regardless of the animal's age when tested. Therefore, all age groups found restraint stressful and exhibited an adrenal response comparable to the adrenal response observed after administration of exogenous ACTH. Although all other age groups demonstrated at least some resistance to restraint, the 24-hr-old animals did not struggle or vocalize during restraint, yet their adrenal responses to the stress were comparable to those of the animals demonstrating behavioral response to the stress.
Exp. 2. Open field activity was initiated
earlier in the test sessions and increased as a function of increasing age and experience in the arena, as shown by data on locomotion latency (figure 1). Latencies decreased significantly (P<.001); lacencies for day 1, 5 and 14 were longer than those for days 9 and 21 to 63. movement was shorter on days 1, 5, 9 14 and 21 than on days 35, 49 and 63. It is interesting to note that although lambs spent more time moving on day 35 than they had on days 1 to 21, they crossed fewer lines, suggesting that their locomotor activity was restricted to limited portions of the open field. Because latency to the first movement changed most noticeably as a function of test day, we were interested in determining whether duration of movement differed as a function of test day once locomotion began. Consequently, we took an additonal measure, percentage of test time moving after initial locomotion, which revealed that although there was a slight increase across test days in percentage of time moving, the change was not significant. This finding indicated that once locomotion was initiated, lambs spent approximately the same portion of remaining test time moving on all test days.
Bleat vocalization frequency (figure 4) showed a clear and significant change across days (P<.O01). Subsequent analysis revealed that bleats were displayed most frequently on days 1 and more often on days 5 and 9 than on day 63. typically stayed in the arena of the open field where they had been released and they bleated frequently. By day 21, locomotion began almost immediately but, once initiated, accounted for approximately the same portion of the test time that it had accounted for at earlier ages. Bleat vocalizations decreased across test days somewhat more slowly than locomotion latency.
The adrenal response exhibited by lambs placed in the open field arena is illustrated in figure 5 with the data from Exp. 1 for the eortisol response to restraint stress. Comparison of the data suggests that, with respect to the adrenal response, exposure to an open field arena is stressful to lambs regardless of the age and that previous exposure to the testing procedure does not decrease the response of the adrenal axis to the stimulus.
Conclusion
Exposure to an open field arena provides an excellent method for eliciting a repeatable emotional stress response in lambs regardless of the age of the animals being studied. The adrenal response to such exposure is comparable in magnitude to the plasma levels of cortisol observed after restraint or administration of exogenous ACTH. The open field test offers the additional advantage of eliciting easily quantifiable behavioral patterns as well.
The lamb is fully capable of exhibiting an adrenal response to emotional stress from the first day of life, and magnitude of the adrenal response to such stress appears to be comparable among animals of different ages. Thus, unlike in some species, the pituitary-adrenal axis of the lamb is sensitive to stress throughout the neonatal period. The result of such stress susceptibility is that, throughout development, the maturing physiological systems can be subject to the influence of any corticosteroid response to environmental or managementrelated stress. For this reason, the lamb is a suitable model for the study of physiological response to neonatal stress.
